The advent of fast direct-electron detectors has expanded the available dataset of a STEM experiment from an integer to a two-dimensional diffraction pattern at each probe position in a two dimensional raster scan. One way to exploit these four dimensional data-sets is to ptychographically retrieve the complex specimen exit surface wave function [1] . This exit wave function contains phase information which is not directly accessible using conventional STEM imaging techniques. The ability to quantitatively recover the phase of the exit wave enables the simultaneous imaging of both light and heavy atoms [2, 3] as well as accessing three dimensional information normally absent from projection STEM imaging [2, 4] .
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Electron ptychography has been demonstrated using a focused STEM probe [5] . The development of fast direct-electron detectors combined with the stability of modern electron microscopes has enabled the ptychographic reconstruction from several hundreds of thousands of probe positions. However, even with fast cameras the dwell time per probe position is still of the order of hundreds of s, orders of magnitude longer than for conventional ADF imaging. As a result the cumulative dose on the sample is typically high and the reconstructions are susceptible to drift in both the sample and lenses. A further challenge is presented by the very large data-sets collected. To combine satisfactory sampling with reasonable field of view probe arrays equivalent to those used in conventional ADF imaging are required and these data-sets quickly run in to several tens or even hundreds of giga-bytes per image.
An alternate technique is to scan a probe defocused by several tens of nm's over the sample surface with highly overlapping probe positions. Using this technique just a few tens of probe positions are required to successfully reconstruct the phase. Defocused probe ptychography has shown success in both imaging light B atoms in a LaB6 crystal [2] and retrieving three dimensional structural information of a nanostructured material [3] . This defocused probe approach has the disadvantage that it is not compatible with standard STEM ADF or spectroscopic techniques. However, the exemplary detection characteristics and high speed of direct electron detectors combined with the defocused nature of the probe and few probe positions offer the potential of atomic resolution quantitative phase imaging of beam sensitive samples as well as greatly limiting the size of the collected data set.
Here we use a 256x256 array Merlin-Medipix direct electron detector to collect diffraction patterns from a defocused electron probe incident on a monolayer MoS2 sample. By ptychographically reconstructing a phase image we demonstrate a resolution enhancement at low dose compared to standard ADF STEM imaging. This study demonstrates the potential for defocused probe ptychography for low dose imaging of beam sensitive materials [7] .
